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INTERNATIONAL PRELIMINARY International application No. 

REPORT ON PATENTABILITY 

(SEPARATE SHEET) PCT/JP2004/005014 

1 The following documents are referred to In this communication: 

D1 : EP 0 682 271 A (DOW CORNING) 1 5 November 1 995 (1 995-1 1-15) 

D2 : US 3 948 848 A (MINK) 6 April 1 976 (1 976-04-06) 

D3 : US 4 1 98 1 31 A (BIRDSALL ET AL) 1 5 April 1 980 (1 980-04-1 5) 



All cited documents seem to disclose slloxane compositions falling under present claim 1, i.e. 
disclosing (1) an unsaturated slloxane having at least 10% aromatic groups, see D1 claim 1, 
D2 claim 1 and D3 also claim 1 , and (li) a hydrogensiloxane having two or more SIH groups 
and at least 5% aromatic groups, see D1 example 1, D2 claim 1 and example 1 and D3 
column 6, lines 1-6. 

Concerning the use, the wording of present claim 1 is interpreted as a siloxane resin 
composition suitable for optical waveguides. D1 discloses use for optical devices, however not 
explicitly waveguides. D2 does not disclose use for optical components. D3 finally also 
discloses optical usebut not waveguides. However, if the compositions of D1 , D2 and D3 fail 
under piBsent claim 1 . then these compositions should also be suitable for waveguides. 

Consequently, present claims 1-3 do not seem to fulfil the requirements of Art 33(2) PCT in 
view of the three cited documents. 

Claims 4-15 are directed to an optical waveguide which is not disclosed by any of the cited 
prior art documents. Considering the differences between optical elements such as lenses and 
an optical waveguide, these claims seem allowable with respect to both Art 33(2) and 33(3). 



Re Item VII. 

In the last claim, claim 15, there are two types of indexes. It is suggested to delete the indexes 
"(3)" and "(4)" as these seem unnecessary. 

The term 'proplnoxy' should be changed to 'propynoxy*, see page 14, line 24 and page 26, 
lines 9 and 17. 
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CLAIMS 



1 . ( amended ) A curable organopolysiloxane resin composition for optical waveguides 
comprising (A) an organopolysiloxane resin, which is represented by the average unit 

5 formula (1): 

(R"3SiOi/2)a(R^Si02Aj)b(R'Si03/2)c(Si04y2)d (1) 

(wherein R\ R^, and stand for one, two, or more kinds of monovalent hydrocarbon groups 
selected from monovalent aliphatic hydrocarbon groups having 1 to 6 carbon atoms and 
monovalent aromatic hydrocarbon groups having 6 to 10 carbon atoms, 0<a<0.5, 0<b<0.2, 

1 0 0.3<c<l, 0<d<0.4, 0<(l>f d)/(a+c)<0.25, and a+b+c+d=l)and has three or more monovalent 
unsaturated aliphatic hydrocarbon groups per molecule, with not less than 10 mol% of the 
monovalent hydrocarbon groups being monovalent aromatic hydrocarbon groups, (B) an 
organosilicon compoxmd having two or more silicon-bonded hydrogen atoms per molecule, 
with not less than 5 mol% of all the silicon-bonded monovalent substituent groups being 

1 5 monovalent aromatic hydrocarbon groups, and (C) a hydrosilation catalyst. 

2. ( amended ) The curable organopolysiloxane resin composition for optical waveguides 
according to claim 1, wherein the viscosity of the composition is not more than 1x10^ mPa-s 
at25'C. 

20 

3. ( amended ) A curable organopolysiloxane resin composition for optical waveguides 
comprising (A) an organopolysiloxane resin, which is represented by the average unit 
formula (1): 

(RSSiOi/2)a(R^2Si02/2)b(R^Si03/2)c(Si04/2)d (1) 

25 (wherem R^ R\ and R^ a, b, c, d, (b+d)/(a+c), and a+b+c+d are the same as above) and has 
three or more monovalent unsaturated aliphatic hydrocarbon groups per molecule, with not 
less than 10 mol% of the monovalent hydrocarbon groups being monovalent aromatic 
hydrocarbon groups, (B) an organosilicon compound having two or more silicon-bonded 
hydrogen atoms per molecule, with not less than 5 mol% of all the silicon-bonded 

30 monovalent substituent groups bemg monovalent aromatic hydrocarbon groups, (C) a 

hydrosilation catalyst, and (D) (dl) a solvent or (d2) a hydrosilation-reactive organosiloxane- 
based diluent. 

4. ( amended ) An optical waveguide comprising a hydrosilation-cured product of (A) an 
35 organopolysiloxane resin, which is represented by the average unit fomiula (1): 

(RSSiO,/2)a(R^2Si02/2)b(R^Si03/2)c(Si04/2)d (1) 

(wherein R^ R^, and R^ stand for one, two, or more kinds of monovalent hydrocarbon groups 
selected from monovalent aliphatic hydrocarbon groups having 1 to 6 carbon atoms and 
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monovalent aromatic hydrocarbon groups having 6 to 10 carbon atoms, 0<a<0.5, 0<b<0.2, 
0.3<c<l, 0<d<0.4, 0<(b+d)/(a+c)<0.25, and a+b4-c+d=l) and has three or more monovalent 
unsaturated aliphatic hydrocarbon groups per molecule, with not less tihan 10 mol% of the 
monovalent hydrocarbon groups being monovalent aromatic hydrocarbon groups, and (B) an 
5 organosilicon compound having two or more silicon-bonded hydrogen atoms per molecule, 
with not less than 5 mol% of all the silicon-bonded monovalent substituent groups being 
monovalent aromatic hydrocarbon groups. 

5, ( amended ) An optical waveguide comprising a hydrosilation-cured product of (A) an 
organopolysiloxane resin, which is represented by the average unit formula (1): 

(R'3SiO,/2)a(R22Si02/2)b(R^Si03/2)c(Si04/2)d (1) 

(wherein R^ R^, R^, a, b, c, d, (b+d)/(a+c), and a+b+c+d are the as described above) and has 
three or more monovalent unsaturated aliphatic hydrocarbon groups per molecule, with not 
less than 1 0 mol% of the monovalent hydrocarbon groups being monovalent aromatic 
hydrocarbon groups, (B) an organosilicon compound having two or more silicon-bonded 
hydrogen atoms per molecule, with not less than 5 mol% of all the silicon-bonded 
monovalent substituent groups being monovalent aromatic hydrocarbon groups, and (d2) a 
hydrosilation-reactive organosiloxane-based diluent 

20 6. (cancelled) 



7. ( cancelled ) 

25 

8. ( amended ) The optical waveguide accordmg to claim 4 w;herein both the claddmg and 
the core of the optical waveguide consist of a hydrosilation-cuied product of component (A) 
and component (B), with the refractive index of the core being at least 0.1% higher than the 
refractive index of the cladding. 

30 

9. ( amended ) The optical waveguide according to claim 5, wherem both the cladding and 
the core of the optical waveguide consist of a hydrosilation-cured product of component (A), 
component (B), and component (d2), with the refractive index of the core being at least 0. 1% 
higher than the refractive index of the cladding. 

35 

1 0. ( amended ) The optical waveguide according to claim 8, wherein the refractive index 
difiference is regulated by makmg the total content of monovalent aromatic hydrocarbon 
groups in component (A) and component (B) used for the core higher than the total content 
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of monovalent aromatic hydrocarbon groups in component (A) and component (B) used for 
the cladding. 

11 . ( amended ) The optical waveguide according to claim 9, wherein the refractive index 
5 difference is regulated by making the total content of monovalent aromatic hydrocarbon 
groups in component (A), component (B), and component (d2) used for the core hi^er than 
the total content of monovalent aromatic hydrocarbon groups in component (A), component 
(B), and component (d2) used for the cladding. 

10 12. ( amended ) The optical waveguide according to any of claims 4, 5. 8 to 1 1, which has 
a fibn-Iike shape. 

13. ( amended ) A process for fabricating an optical waveguide, wherein the curable 
organopolj^iloxane resin conq)osition for optical waveguides s according to any of claim 1 

15 to claim 3 is cured by heating. 

14. ( amended ) A process for fabricating an optical waveguide, wherein the curable 
organopolysiloxane resin composition for optical waveguides according to any of claim 1 to 
claim 3 is applied to a substrate and cured by heating. 

15. ( amended ) A process for fabricating a slab optical waveguide, in which a curable 
organopolysiloxane resin composition for optical waveguides (1) according to any of claim 1 
to claim 3 is appUed to a substrate and cured by heating, a curable organopolysiloxane resin 
composition for optical waveguides (2), whose cured product has a refractive index at least 
0.1% higher than that of the above-mentioned composition (1), is appUed to the cured 
product thereof and cured by heating, whereupon the aforementioned composition (1) is 
q>plied to Ihe cured product thereof and cured by heating. 

16. ( amended ) A process for fabricating an optical waveguide, wherein the curable 
organopolysiloxane resin composition for optical waveguides according to any of claim 1 to 
claim 3 is casted into a mold having a desired iimer surface shape and cured by heating. 

17. ( amended ) A process for febricating an optical waveguide, wherein ® a curable 
organopolysiloxane resin composition for optical waveguides (3) according to any of claim 1 
to claim 3 is cast into a mold having on its inner suifece protrusions corresponding to the 
core and cured by heating, <2> the molding is removed from the mold, (D a cunible 
organopolysiloxane resin composition for optical waveguides (4) according to any of claim 
1 to claim 3, whose cured product has a refractive index at least 0.1% higher than that of 
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the aforementioned composition (3), is cast into the hollow portion of the cured product 
removed from the mold and cured by heating, whereupon ® the aforementioned 
composition (3) is applied on top of the cured product of the aforementioned composition (4) 
and the cured product of the aforementioned composition (3) and cured by heating. 
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DESCRIPTION 

CURABLE ORGANOPOLYSILOXANE RESIN COMPOSITION FOR OPTICAL 
WAVEGtfBDES, OPTICAL WAVEGUIDE, AND FABRICATION PROCESS THEREOF 

Technical Field 

[0001] The preset invention relates to a curable organopolysiloxane resin composition for 
optical waveguides, especially for optical waveguides serving as optical communication 
elements, relates to an optical waveguide comprising a hydrosilation-cured product of an 
organopolysiloxane resin, and relates to a process for fabricating an optical waveguide. 



• Background of the Invention 

[0002] Quartz and glass are used not only as optical fiber materials, but also, being high- 
reliability materials, as materials for optical commimication elements as well. However, such 
inorganic materials require high-temperature treatment and have inferior productivity 
characteristics^ which creates demand for organic materials for optical communication 
elements possessing sufQcient processability and durability* The most reliable materials are 
polyimides, which are widely used as materials for electronic components. 

[0003] On the other hand, due to their optical transparency, electrical insulation properties, 
photostabiUty, thermal stability, etc., organopolysiloxane-based materials have also attracted 
considerable attention in the field of optoelectronics. Among the physical properties required 
for optical commimication element materials, particular importance is emphasized about the 
optical characteristics, such as absence of absorption at the 1300 tol660 nm 
telecommunication wavelength range and absence of birefiingence due to polymer chain 
orientation, as well as high moisture resistance, low water pick-up, and heat resistance 
during device assembly. Improvement in the above-described characteristics is in progress 
focusing primarily on polyimides and organopolysiloxane-based materials. 

[0004] In J^anese Patent Application Publication No. Sho 63-21 7306, a silicone rubber 
was offered as a cured product of organopolysiloxane for use in optical waveguides, and an 
easily defonnable organopolysiloxane elastomer was offered as a cured product of 
organopolysiloxane for use in optical waveguides in Japanese Patent Application Publication 
No. Hei 1-13 1505. A liquid addition-curable silicone rubber containing a silica filler has 
been offered for use as an optical transmission material in Japanese Patent Application 
Publication No. Hei 1 1-43605. However, silicone rubbers and organopolysiloxane 
elastomers, in view of their molecular structure, exhibit considerable changes in their 
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refractive indices and other optical characteristics following changes in ambient temperature, 
in other words, they have problems in terms of temperature change stability and heat 
resistance. 

[0005] Japanese Patent Application Publication No. Hei 3-43423 offers an 
organopolysiloxane resin (an organopolysiloxane resin comprising monoorganosiloxane 
units and diorganosiloxane units) obtained by hydrolytic co-condensation of a 
diorganodichlorosilane and an organotrichlorosilane having deuterated alkyl or halogenated 
alkyl groups, as well as an organopolysilsesquioxane obtained by hydrolytic condensation of 
an organotrichlorosilane having deuterated alkyl or halogenated alkyl groups. Taking into 
consideration the high optical transmissivity of organopolysiloxane, Japanese Patent 
Application Publication No. Hei 4-157402 provides an organopolysiloxane resin having 
hydrocarbon groiq}s without deuteron substitution or halogen substitution. Japanese Patent 
AppKcation Publication No. Hei 9-124793 offers an epoxy-containing phenylpolysiioxane 
resin obtained by the hydrolytic co-condensation of phenyltrichlorosilane and 
diphenyidichlorosilane in the presence of an ^Qxy-containing alcohol. 

[0006] However, such organopolysiloxane resms, although possessing superior optical 
characteristics at normal temperatures, are of the types that cure by dehydration condensation 
of silanol gFoiq>s, and, as a result, do not sufBciently cure without heating at an elevated 
temperature for an extended period of time, and when ah optical transmission componrat, 
such as an optical waveguide, is exposed to elevated teiiq>eratures (e.g., about 260''Q during 
fabrication of an optical communication device, etc., further dehydration condensation takes 
place, resulting in changes in optical characteristics. 

[0007] In Japanese Patent AppUcation Publication No. Hei 9-124793, UV curing is 
implemented by adding a photocuring catalyst to an epoxy-containing phenylpolysiioxane 
resm, however, such addition leads to problems mcluding increased absorption of 
communication light and a tendency towards scattering. 

[0008] Incidentally, an optical waveguide is made up of two types of materials with 
different refractive indices called a core and a cladding. The difference in their refractive 
mdices depends on the design of the optical waveguide, but it is said that the refractive index 
of the core has to be about 0.1% to 5% higher than the refractive index of the cladding in 
order for light to propagate ftrough the core. In case of a dehydration condensation-curable 
organopolysiloxane resin, the refractive index difference is regulated by the amount of 
mtroduced fluorinated hydrocarbon groups which contribute to a reduction in the refractive 
index. For instance, Japanese Patent Application Publication No. 2000-230052 offers an 
organopolysilsesquioxane having fluorinated hydrocarbon groups, but the problem with this 
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approach, however, consists in the increased cost of the material due to the introduction of 
the fluorinated hydrocarbon groups. 

[0009] It is an object of the present invention to provide a curable organopolysiloxane resin 
composition for optical waveguides that has low temperature dependence of the refractive 
index, high heat resistance, high transparency at the telecommunication wavelength region 
without introducing deuterated alkyl groups and fluorinated hydrocarbon groups, possesses 
elasticity and hardness that makes it difficuh to deforni, and permits easy adjustment of the 
refractive index difference during the preparation of the core material and cladding material, 

[0010] Furthemiore, its objiect is also to provide an optical waveguide comprising a cured 
product of organopolysiloxane resin that has low temperature d^endence of the rejfractive 
index, high heat resistance, high transparency at the telecommunication wavelength region 
without introducing deuterated alkyl groups and fluorinated hydrocarbon groups, possesses 
elasticity and hardness that makes it difficult to deform, and permits easy adjustment of the 
refractive index difference during the preparation of the core material and cladding material. 

[001 1] Furthermore, it is an object of the invention to provide a simple and economical 
process for fabricating an optical waveguide comprising a ciured product of 
organopolysiloxane resin that that has low temperature dependence of the refractive index, 
high heat resistance, high transparency at the teleconununication wavelength region without 
introducing deuterated alkyl groups and fluorinated hydrocarbon groups, possesses elasticity 
and hardness that makes it difficult to deform, and permits easy adjustment of the refractive 
index difference during the preparation of the core material and cladding material. 

Summary of the Invention 
[0012] The inventors arrived at the present invention as a result of in-depth investigations 
aimed at resolving the above-mentioned problems. Namely, the present invention relates to 
the following; 

[0013] [ 1] A clurable organopolysiloxane resin composition for optical waveguides 
comprising(A) an organopolysiloxane resui, which is represented by the average unit 
formula (1): 

(RSSiO,^,(R22Si02/^b(R'Si03^,(Si04,^, (1) 

(wherein R", and R^ stand for one, two, or more kmds of monovalent hydrocarbon groups 
selected &om monovalent aliphatic hydrocarbon groups having 1 to 6 carbon atoms and 
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monovalent aromatic hydrocarbon groups having 6 to 10 carbon atoms, 0<a<0.5, 0<b<0.2, 
03<c<l, 0<d<0.4, 0<(b+d)/(a+c)<0.25, and a+b+c+d=l)and has three or more monovalent 
unsaturated aliphatic hydrocarbon groups per molecule, with not less than 10 mol% of the 
monovalent hydrocarbon groups being monovalent aromatic hydrocarbon groups, (B) an 
organosilicon compound having two or more silicon-bonded hydrogen atoms per molecule, 
with not less than 5 mol% of all the silicon-bonded monovalent substituent groups being 
monovalent aromatic hydrocarbon groups, and (C) a hydrosilation catalyst. 
[2] The curable organopolysiloxane resin composition for optical waveguides according to 
[1], wherein the viscosity of the composition is not more than 1x10^ mPa-s at 25^C. 

[3] A curable organopolysiloxane resin composition for optical waveguides comprising (A) 
an organopolysiloxane resin, which is represented by an average unit formula (1): 

(R'3SiOi/2)a(R^2Si02/2)b(R^Si03/2)c(Si04/2)d (1) 

(wherein R\ R^, R^, a, b, c, d, (b4-d)/(a+c), and a+b+c-f d are the same as above) and has 
three or more monovalent unsaturated aliphatic hydrocarbon groups per molecule, with not 
less than 10 mol% of the monovalent hydrocarbon groups being monovalent aromatic 
hydrocarbon groups, (B) an organosilicon compound having two or more silicon-bonded 
hydrogen atoms per molecule, with not less than 5 mol% of all the silicon-bonded 
monovalent substituent groups being monovalent aromatic hydrocarbon groups, (C) a 
hydrosilation catalyst, and (D) (dl) a solvent or (d2) a hydrosilation-reactive organosiloxane- 
based diluent. 



[0014] 

25 [4] An optical waveguide comprising a hydrosilation-cured product of (A) an 
organopolysiloxane resin, which is represented by an average unit formula (1): 

(R^3SiOi/2)a(R^2Si02/2)b(R^Si03/2)c(Si04/2)d (1) 

(wherein R^ R^ and R^ stand for one, two, or more kinds of monovalent hydrocarbon groups 
selected from monovalent aliphatic hydrocarbon groups having 1 to 6 carbon atoms and 

30 monovalent aromatic hydrocarbon groups having 6 to 10 carbon atoms, 0<a<0.5, 0<b<0.2, 
03<c<l, 0<d<0.4, 0<(b+d)/(a+c)<0.25, and a+b+c+d=l) and has three or more monovalent 
imsaturated aliphatic hydrocarbon groups per molecule, with not less than 10 mol% of the 
monovalent hydrocarbon groups being monovalent aromatic hydrocarbon groups, and (B) an 
organosilicon compound having two or more silicon-bonded hydrogen atoms per molecule, 

35 with not less than 5 mol% of all the silicon-bonded monovalent substituent groups being 
monovalent aromatic hydrocarbon groups. 

[5] An optical waveguide comprising a hydrosilation-cured product of (A) an 
organopolysiloxane resin, which is represented by an average unit formula (1): 

(R*3SiO,/2)a(R^Si02/2)b(R^Si03/2)c(Si04/2)d (1) 



P; AMENDED SHEET 



10 



15 



20 



104-03-2005] 



l^utCr^Uh'Alvl Uj JjJP046501 4 

DCJ131PCT 

5 

(wherein R^ R^ R^ a, b, c, d, (b4-d)/(a+c), and a+b+c+d are flie as described above) and has 
three or more monovalent imsaturated aliphatic hydrocarbon groups per molecule, with not 
less than 10 mol% of the monovalent hydrocarbon groups being monovalent aromatic 
hydrocarbon groups, (B) an organosiUcon compound having two or more silicon-bonded 
5 hydrogen atoms per molecule, with not less than 5 mol% of all the silicon-bonded 

monovalent substituent groups being monovalent aromatic hydrocarbon groups, and (d2) a 

hydrosilation-reactive organosiloxane-based diluent 

[6] 

10 [7] 

[8] The optical waveguide according to [4], wherein both the cladding and the core of the 
optical waveguide consist of a hydrosilation-cured product of component (A) and component 
(B), with the refractive index of the core being at least 0.1% higher than the refractive index 
15 of the cladding. 

[9] The optical waveguide according to [5], wherein both the cladding and the core of the 
optical waveguide consist of a hydrosilation-cured product of component (A), component 
(B), and component (d2), with the refractive index of the core being at least 0.1% higher than 
the refractive index of the cladding. 
20 [10] The optical waveguide according to [8], wherein the refractive index difference is 
regulated by making the total content of monovalent aromatic hydrocarbon groups in 
component (A) and component (B) used for the core higher than the total content of 
monovalent aromatic hydrocarbon groups in component (A) and component (B) used for the 
cladding. 

25 [11] The optical waveguide according to [9], wherein the refractive index difference is 
regulated by making the total content of monovalent aromatic hydrocarbon groups in 
component (A), component (B), and component (d2) used for the core higher than the total 
content of monovalent aromatic hydrocarbon groups in component (A), component (B), and 
component (d2) used for the cladding. 

30 [12] The optical waveguide according to any of [4], [5], [8] to [11], which has a fikn-like 
shape. 

[0015] 

[13] A process for fabricating an optical waveguide, wherein the curable organopolysiloxane 
35 resin composition for optical waveguides according to any of [1] to [3] is cured by heating. 
[14] A process for fabricating an optical waveguide, wherein the curable organopolysiloxane 
resin composition for optical waveguides according to any of [1] to [3] is applied to a 
substrate and cured by heating. 
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[ 1 5] A process for fabricating a slab optical waveguide, in which a curable 
organopolysiloxane resin composition for optical waveguides (1) according to any of [1] to 
[3] is applied to a substrate and cured by heating, a cxurable organopolysiloxane resin 
composition for optical waveguides (2), whose cured product has a refractive index at least 
5 0.1% higher than that of the above-mentioned composition (1), is applied to the cured 
product thereof and cured by heating, and then the aforementioned composition (1) is 
applied to the cured product thereof and cured by heating. 

[16] A process for fabricating an optical waveguide, wherein the curable organopolysiloxane 
resin composition for optical waveguides according to any of [1] to [3] is cast into a mold 
1 0 having a desired inner surface shape and ciured by heating. 

[17] A process for fabricating an optical waveguide, wherein ® a curable 
organopolysiloxane resin composition for optical waveguides (3) according to any of [1] to 
[3] is cast into a mold having on its inner surface protrusions corresponding to the core and 

1 5 cured by heating, © the molding is removed from the mold, (3) a curable 

organopolysiloxane resin composition for optical waveguides (4) according to any of [1] to 
[3], whose cured product has a refiractive index at least 0.1% higher than that of the 
aforementioned composition (3), is cast into the hollow portion of the cured Jiroduct 
removed from the mold and cured by heating, whereupon ® the aforementioned 

20 composition (3) is applied on top of the cured product of the aforementioned composition (4) 
and the cured product of the aforementioned composition (3) and cured by heating. 



[0016] FIG. 1 is a cross-sectional view of the slab type optical waveguide of Example 3. 
25 FIG. 2 is a cross*sectional view of the mold used in the process of fabrication of the channel 
type optical waveguide of Example 4. 

FIG. 3 is a cross-sectional view of the mold used in the process of fabrication of the channel 
type optical waveguide of Example 4, 

FIG. 4 is a cross-sectional view of the mold used in the process of fabrication of the channel 
30 type optical waveguide of Example 4. 

FIG. 5 is a cross-sectional view of the mold used in tiie process of fabrication of the channel 
type optical waveguide of Example 4, 

FIG. 6 is a cross-sectional view of the mold used in the process of fabrication of the channel 
type optical waveguide of Example 4. 
35 FIG. 7 is a cross-sectional view of the mold used in the process of fabrication of the channel 
type optical waveguide of Example 4. 

FIG. 8 is a cross-sectional view of the channel type optical waveguide of Example 4. 
[0017] The reference numerals in the drawing are as follows; 



Brief Description of the Drawings 
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A is Slab type optical waveguide, 
B is Channel type optical waveguide, 

1 is Cured product of composition S, 

2 is Cured product of composition 3, 
5 3 is First mold, 

4 is Protrusion, 

5 is Composition 4 (does not contain toluene), 

6 is Second mold, 

7 is Cured product of composition 4 (does not contain toluene), 
10 8 is Hollow portion, 

9 is Cured product of composition 3 (does not contain toluene), and 

10 is Third mold. 

Best Mode for Canying Out fbs Invention 

15 [0018] In the curable organopolysiloxane resin composition for optical waveguides of the 
present invention, monovalent vmsaturated aliphatic hydrocarbon groups of component (A) 
and silicon-bonded hydrogen atoms of component (B), or monovalent unsaturated aliphatic 
hydrocarbon groups of component (A) and component (d2) and silicon-bonded hydrogen 
atoms of component (B) are crosslinked and cured by a hydrosilation reaction under the 

20 action of component (C). 

[0019] As component (A) is represented by an average unit formula (1) 

(R'3Si0,/2)a(R^2Si02/2)b(R^SiO3/2)c(Si04«)d (1) 

(wherein R', and R^ stand for one, two, or more kinds of monovalent hydrocarbon groups 
25 selected from monovalent aliphatic hydrocarbon groups having 1 to 6 carbon atoms and 
monovalent aromatic hydrocarbon groups having 6 to 10 carbon atoms, 0<a^.5, 0<b<0.2, 
0.3<c<l, 0<d<0.4, 0<(b+d)/(a+c)<0.25, and a+b+c+d=l), a and c are never zero, but b and d 
may be equal to zero, which is why unit R'aSiOi/z and unit R^SiCbfiare essential units while 
unit R\Si02/2 and unit Si04/2 are optional units. 

30 

[0020] Therefore, there can be organopolysiloxane resins comprismg the following units. 

(R'3SiO,/2)a(R'Si03/2)c, (R'3SiO„2)a(R22SiO2/2)b(R'Si03/2)c, (R'3SiO,/2)a(R^Si03/2)c(Si04«)d, 

and(R'3SiO,«)a(R22Si02/2)b(R^Si03/2)c(Si04/2)d. 

However, too many units R'3SiOi« bring about a decrease in the molecular weight, which is 
35 why 0<a£0.5, and preferably, 0<a^.3. Too few units R^SiOs/a bring about a decrease in the 
degree of branching, which is why 0.3S5<1, and preferably, 0.5<c<l. 
While introducing units R^2Si02a into the organopolysiloxane resin generally resuhs in an 
increase in the elasticity of the resm, this can cause a decrease in its thermal deformation 
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temperature and is an important factor affecting shape changes. For this reason, 0<b<0.2, 
and preferably 0<b<0.1. On the other hand, introduction of SiOao. units results in a 
significant increase in the hardness of the resin, and the resin tends to become brittle. Thus, 
Q<d<0.4 and 0<(b+d)/(a+c)<0.25. 

5 

[0021] Monovalent aliphatic hydrocarbon groups having 1 to 6 silicon-bonded carbon 
atoms include methyl, ethyl, propyl, butyl, hexyl, and other monovalent saturated aliphatic 
hydrocarbon groups, as well as vinyl, allyl, hexenyl, and other monovalent unsaturated 
aliphatic hydrocarbon groups. Silicon-bonded monovalent aromatic hydrocarbon groups are 

1 0 exemplified by phenyl, tolyl, xylyl, and naphthyl. Said monovalent aliphatic hydrocarbon 
groups are preferably methyl, said monovalent unsaturated aliphatic hydrocarbon groups 
preferably vinyl, and said monovalent aromatic hydrocarbon groups are preferably phenyl. 
In the organopolysiloxane resin, 10 mol% or more of its silicon-bonded monovalent 
hydrocarbon groups have to be monovalent aromatic hydrocarbon groups. Less than 10 

1 5 mol% brings about a decrease in transmittance in the communication wavelength region of 
the cured product of the organopolysiloxane resin. 

[0022] When an organopolysiloxane resin is used for the core section in an optical 
waveguide consisting of a core and cladding, monovalent aromatic hydrocarbon groups 

20 preferably comprise 20 mol% or more. The refractive index, which is an important optical 
characteristic, is adjusted by changmg the type of the monovalent hydrocarbon groups. 
Using substituent groups consisting mainly of methyl and other monovalent aliphatic 
hydrocarbon groups tends to make the refi-active index less than 1.5, and using substituent 
groups consisting mainly of phenyl and other monovalent aromatic hydrocarbon groups 

25 tends to make the refiactive index higher than 1 .5. 

[0023] Organopolysiloxane resin consisting of (PhSiOac) and (Me2ViSiOi/2) units, 
organopolysUoxane resin consisting of (PhSi03/2), (Me2Si02«), and (MezViSiOia) units, 
organopolysUoxane resin consisting of (PhSiOs^), (MeSiOa/z), and (Me2ViSiO,/2) units, 

30 organopolysiloxane resin consisting of (PhSi03/2), (MeSiOa/a), (MeaViSiOi/z), and {SiOm) 
units, organopolysiloxane resin consisting of (PhSiOa/z), (Me2ViSiOi/2) , and (Si04/2) units, 
organopolysiloxane resin consisting of (PhSiOa/a), (Ph2Si02«), and (Me2ViSiOi/2) units, 
organopolysiloxane resin consisting of (MeSi03/2), (PhiSiOm), and (MeiViSiOi/a) units, 
organopolysiloxane resin consisting of (PhSi03y2) and (MePhViSiOi/2) units, 

35 organopolysiloxane resin consisting of (PhSiOa^), (MeSiOaa), and (MePhViSiOi/2) units, 
and organopolysiloxane resin consisting of (PhSiOa/a), (MePhViSiOi/2), and (Si04«) units 
[where Me stands for methyl, Ph for phenyl, and Vi for vinyl] are suggested as specific 
examples of the organopolysiloxane resins. Same below]. Two or more kinds of such 
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organopolysiloxane resins can be used in combination. These organopolysiloxane resins 
usually have reticular and three-dimensional structures. 

[0024] Processes used in the preparation of such organopolysiloxane resins are well known 
5 (for example, see Kunio Itoh's "Silicone Handbook", (published by Nikkan Kogyo 

Shinbunsha, 1990), pp. 468-470, or M. Wada, 'TSTewest Silicone Technology: Research and 
Applications" (published by CMC, 1986), pp. 80-81). For instance, they can be easily 
prepared by hydrolj^c co*condensation of corresponding organochlorosilanes or 
organoalkoxysilanes in an organic solvent, or by hydrolytic co-condensation of 
1 0 conresponding organosiloxane oligomers and organoalkoxysilanes in an organic solvent in 
the presence of a strong acid catalyst. 

[0025] The organopolysiloxane resins thus prepared have, in general, high content of 
silanol groups and silicon-bonded alkoxy groups. Because the presence of the silanol groups 

1 5 and silicon-bonded alkoxy groups results in a decrease in the storage stability and heat 

resistance of the organopolysiloxane resin, the content of silanol groups and silicon-bonded 
alkoxy groups should be preferably reduced to trace amounts via dehydration condensation 
or dealcoholation condensation by heating the resin in the presence of a small amount of 
potassium hydroxide. Preferably, there should not be more than 2 mol%, and even more 

20 preferably, not more than 1 mol% of such groups relative to all the silicon-bonded 
substituent groups. 

[0026] There are no particular limitations concerning the molecular weight of the 
organopolysiloxane resin of component (A), but preferably, its molecular weight should be 

25 such that the resin becomes liquid at least at 200''C or less. This is due to the fact that curing 
and molding operations are facilitated under heating, but heating the resin to an elevated 
temperature higher than 200"C causes the resin to decompose. On the other hand, in order to 
preserve strength after curing, the organopolysiloxane resin should preferably have a high 
molecular weigiht and a wide molecular weight distribution. In addition, it is recommended 

30 that the ratio of (R^SiOj^ units and (R^SiOi^j) units in the average unit formula (1), i.e. c/a, 
should be not less than 0.6 and not more than 9.0, wifli its viscosity at 25°C being not less 
than 1000 mPa s. Naturally, when component (d2) is added, the viscosity will be higher than 
that. 

35 [0027] The organopolysiloxane resin has to have at least three silicon-bonded monovalent 
unsaturated aliphatic hydrocarbon groups per molecule. From the standpoint of hydrosilation 
reactivity and heat resistance after curing, vinyl groups are preferable as the monovalent 
unsaturated aliphatic hydrocarbon groups. Even if there are two such monovalent 
unsaturated aliphatic hydrocarbon groups per molecule, the crosslinking reaction will take 
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place, if there are tbree or more silicon-bonded hydrogen atoms in the organoSilicon 
compoimd as component (B), but it will be difficult to produce a cured product possessing 
hardness and elasticity sufficient for use in an optical waveguide. 

5 [0028] The organosilicon compound of component (B) having two or more silicon-bonded 
hydrogen atoms per molecule can be organosilane, organosiloxane oligomer, or 
organopolysiloxane. While tfiere are no particular limitations concerning its molecular 
structure, in order to produce a cured product possessing high transparency it is preferably 
similar to component (A) in terms of molecular structure. Namely, not less than S mol% of 
1 0 all its silicon-bonded monovalent substituent groups have to be monovalent aromatic 

hydrocarbon groups, and it is preferable that not less than 10 mol% of such groups should be 
monovalent aromatic hydrocarbon groups. If the content is less than 5 mol%, the 
transparency of the cured product decreases and there is a drop in transparency in the 
communication wavelength region 



[0029] The monovalent aromatic hydrocarbon groiq>s are exemplified by phenyl, tolyl, 
xylyl, and naphthyl, with phenyl being preferable. Organic groups oflier than the monovalent 
aromatic hydrocarbon groups are preferably the above-mentioned monovalent saturated 
aliphatic hydrocarbon groups, with methyl being preferable. In addition, when an optical 
20 waveguide is fabricated by curing component (A) and the present component via a 

hydrosilation reaction, high volatility leads to insufficient curing, which is why low volatility 
compounds are more preferable. Specifically, compounds with a boiling point of less than 
200^ under normal pressure are undesirable. 

25 [0030] Diphenylsilane, l,2-bis(dimethylsilyl)benzene, l,4-bis(dimethylsilyl)benzene and 
other organosilanes having two silicon-bonded hydrogen atoms; 
phenyltris(dimethylsiloxy)silane, tris(methylphenylsiloxy)silane, 

tetra(methylphenylsiloxy)silane and other organosiloxane oligomers having three or foiu' 
silicon-bonded hydrogen atoms; 



[003 1 ] Organopolysiloxane resin consisting of (PhSiOs/j) (MejHSiOi/z) units, 
organopolysiloxane resin or branched organosiloxane oligomer cx>nsisting of (PhSiO^ys)' 
(MejSiOj/j)* and (MejHSiOi/x) units, organopolysiloxane resin or branched organosiloxane 
oligomer consisting of (PhSiOjyO, (MeSi03,2), and (MeHSiO,^ imits, organopolysiloxane 
35 resin or branched organosiloxane oligomer consisting of (PhSi03/2) (MeHSiOj/j) units, 
organopolysiloxane resin or branched organosiloxane oligomer consisting of (Me^HSiOi/z), 
(MePhjSiOi/j) and (SiO^ units; linear organopolysiloxane or organosiloxane oligomer 
consisting of (MePhSiOjAi) and (McjaLSiO^n) units, linear organopolysiloxane or 
organosiloxane oligomer consisting of (MejSiOjys), (MePhSiOj/j) and QA^J^^iOi^ units. 



15 
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linear organopolysiloxane or organosiloxane oligomer consisting of (MePhSiOj^, 
(MeHSi02/2) ai^d (MejSiOi/j) units, linear organopolysiloxane or organosiloxane oligomer 
consisting of (MePhSi02/2)> (MeHSiOz/j) and (MeJOSiOy^ units, linear organopolysiloxane 
or organosiloxane oligomer consisting of (PhHSiOj^j) (Me3SiOi/2) vmits, linear 
5 organopolysiloxane or organosiloxane oligomer consisting of (MeHSiOjya) £Uid 

(MePh2SiOi/2) units, and cyclic organopolysiloxane or organosiloxane oligomer consisting 
only of (PhHSiOs/a) are suggested as specific examples. 

[0032] Two or more kinds of these organosilicon compounds can be used in combination. 

1 0 Processes used in the preparation of these organosilicon compounds are publicly known or 
well-known, and such compounds, for instance, can be produced via a hydrolytic 
condensation reaction using only organochlorosilanes containing silicon-bonded hydrogen 
atoms, or by means of a hydrolytic co-condensation reaction between organochlorosilanes 
having silicon-bonded hydrogen atoms and organochlorosilanes having no silicon-bonded 

1 5 hydrogen atoms. 



[0033] The hydrosilation catalysts of component (C) are metals of Group VIII of flie 
Periodic Table or their compoxmds, with platinum and platinum compounds being preferable. 
They are exemplified by microparticulate platinum, chloroplatinic acid, platinum-diolefin 

20 complexes, platinum-diketone complexes, platinum-divinyltetramethyldisiloxane complexes, 
and platinum-phosphine complexes. The amount, in which it is added, is in the range of O.OS 
to 300 ppm, and, more preferably, in the range of 0* 1 to SO ppm in terms of the wei^t of the 
metal relative to the total weight of component (A) and component (B). Below this range, the 
crosslinking reaction may not proceed to a sufficient extent, while exceeding the range is 

25 unnecessary and may cause deterioration in the optical properties due to the residual metal. 



[0034] TTie organopolysiloxane resin composition for optical waveguides of the present 
invention is obtained by uniformly mixing component (A), component OB) and component 
(C). When these three components are mixed, the crosslinking reaction takes place even at 
30 normal temperature, causing an increase in viscosity and ultimately curing, which is why it is 
better to either prepare a mixture of component (A) and component (B) and combine 
component (C) with it at the time of molding, or prepare a mixture of component (A) and 
component (C) and combine component (B) with it at the time of molding. 



35 



[0035] The proportion, in which component (A) and component (B) are mixed, is such that 
the mole ratio of silicon-bonded hydrogen atoms in component (B) to unsaturated aliphatic 
groups in component (A) is preferably 0.2 to 5.0, and even more preferably, 0.7 tol .5. The 
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proportion, in which component (A) and component (B) are mixed, is preferably varied 
depending on the intended use of the resultant cured product. 

[0036] If the cured product is to be used in the near ultraviolet wavelength region, it is 
5 desirable to make sure no unsaturated aliphatic hydrocarbon groups remain after curing by 
adjusting the amount of silicon-bonded hydrogen atoms such that it slightly exceeds the 
amount of all the unsaturated aliphatic hydrocarbon groiqps. The residual silicon-bonded 
hydrogen atoms have no absorption bands in this region and will not impair optical 
characteristics. 

10 

[0037] On the other hand, if the cured product is to be used in the near infrared wavelength 
region, it is desirable to make sure no silicon-bonded hydrogen atoms remain after curing by 
adjusting the amount of unsaturated aliphatic hydrocarbon groups such that it slightly 
exceeds the amoimt of aU the silicon-bonded hydrogen atoms. This is due to the &ct that 
1 5 silicon-bonded hydrogen atoms undergo oxidation under the action of the environment when 
the cured product is used and may turn into silicon-bonded hydroxyl groups that exhibit 
absorption in this wavelength region, with the hydroxyl groups ftmctioning as sites for 
adsorption of ambient moisture. 

20 [0038] While the viscosity of the curable organopolysiloxane resin composition of the 
present invention varies depending on the molding process used, preferably, it is not more 
than 1x10^ mPas, and even more preferably, not more than Ix 10*^mPa-s at aS^'C. Incase of 
spin-coating on a substrate at normal temperature, it is preferably not more than Ix lO'* 
mPas at 25*^0. At a higher viscosity it is difficult to obtain a film of uniform thickness when 

25 spin-coating the composition on a substrate. While there are no particular limitations 

concerning the lower boundary value of viscosity, typically, it is greater than 500 mPa s at 
25^C because it is influenced by the viscosity of component (A) and is naturally higher than 
the viscosity of component (d2). When the viscosity of component (A) and component (B), 
and especially that of component (A), is too high and unsuitable for spin coating, the 

30 composition is preferably diluted with (dl) a solvent When the viscosity of component (A) 
and component (B), and especially that of component (A), is too high and makes the 
composition unsuitable for casting in a mold, the composition is preferably diluted with (d2) 
a hydrosilation-reactive organosiloxane-based diluent. 

35 [0039] Solvents with a boiling point of 80 to 20O''C are recommended as solvent (dl). They 
are specifically exemplified by isopropyl alcohol, t-butyl alcohol, methyl ethyl ketone, 
methyl isobutyl ketone, toluene, xylene, mesitylene, chlorobenzene, ethylene glycol 
dimethyl ether, ethylene glycol diethyl ether, diethylene glycol dimethyl ether, ethoxy-2- 
propanol acetate, methoxy-2-propanol acetate, octamettiylcyclotetrasiloxane, and 
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hexamethyldisiloxane. Such a solvent (dl) can be used singly or as a combination of two or 
more solvents. 

[0040] While the concentration of solid matter in the composition diluted with solvent 
5 depends on the thickness of the coating film to be formed and the viscosity and molecular 
weigiht of component (A) and component (B), and especially, on those of component (A), it 
is desirable that the concentration should be not less than 20 wt%. In addition, the viscosity 
of the composition diluted with solvit (dl) that is suitable for forming thin fihns of 
excellent quality using a general-purpose spin coating machine is preferably 10 to 1x10^ 
10 niPasat25^a 

[0041] The hydrosilation-reactive organosiloxane-based diluent (d2) is effective in 
lowering flie viscosity of the composition without significantly impairing the physico- 
mechanical properties of the cured product of organopolysiloxane resin. It is recommended 
15 to use organosiloxane oligomers having at least two monovalent unsaturated aliphatic 
hydrocarbon groups per molecule, wherein 5 mol% ore more of all the monovalent 
hydrocarbon groups in the molecule are monovalent aromatic hydrocarbon groups and the 
number of siUcon atoms is not more than 15. 

20 [0042] Their viscosity at 25**C should preferably be not more than SOOmPa-s, and even 
more preferably, not more than 300 mPa-s. Such organosiloxane oligomers have excellent 
compatibility with component (B) and component (A) having monovalent aromatic 
hydrocarbon groups, take part in the crossUnking reaction, and have higji transparency in the 
communication wavelength region of the cured product of organopolysiloxane resin. 

25 

[0043] This component is exemplified by 1,3-divinyldimethyldiphenyldisiloxane, 1,5- 
divinyltetramethyldiphenyltrisiloxane, phenyltris(dimethylvinylsiloxy)silane, and 
methylvinylphenylsioxane oligomer consisting of (PhSiOa/j) and (Me2ViSiO,;2) units. 

30 [0044] Because component (d2) has a negative effect on the storage stability of the 

composition and causes a decrease in the heat resistance and temperature change stability of 
the cured product of organopolysiloxane resin when its molecules contain silanol groups and 
silicon-bonded alkoxy groups, preferably, it should contain only trace amounts, or be 
completely firee of silanol groups and silicon-bonded alkoxy groups. As the amoimt of 

35 component (d2) added to the composition increases, the mechanical strength of the cured 
product of organopolysiloxane resin decreases to some extent depending on its molecular 
stmcture 
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[0045] For this reason, the amount, in which it is added, should be determined with a view 
to strike a balance between such physical properties. The recommended amount to be added 
is such that the weight ratio of [reactive diluent]/[component (A) + component (B)] is in the 
range of from 5/95 to 80/20, and, even better, the recommended amount is such that the ratio 
5 is in the range of from 5/95 to 40/60. The viscosity of the composition diluted with 
component (d2) is preferably 20 to 1x10^ mPa-s at 25**C. 

[0046] Because the curable organopolysiloxane resin composition comprising component 

(A) , component (B), component (C) and solvent (dl) is liquid at normal temperature and 

10 possesses excellent fluidity, the composition is particularly suitable for spin coating. Because 
the curable organopolysiloxane resin composition comprising component (A), component 

(B) , component (C) and hydrosilation reactive organosiloxane-based diluent (d2) is liquid at 
normal temperature and possesses excellent fluidity, the composition is particularly suitable 
for cast molding. 



[0047] When component (A), component (B) and component (C) are mixed, the 
crosslinking reaction takes place even at normal temperature, causing an increase in viscosity 
and ultimately curing, which is why a cure retarder is added to the composition, if necessary, 
in order to prevent an increase in viscosity and curing at normal temperature and facilitate 

20 curing under heating. The cure retarders include compounds typically used in hydrosilation- 
curable compositions, such as, for instance, S-methyH-butyne-S-ol, 3,5-dimethyH-hexyne- 
3-ol, phenylbutynol, and other alkyene alcohols; S-methyl-S-pentene-l-yne, 3,5-dimethyl-l- 
hexyne-3-yne and other ene-yne compounds; alkynyl-containing ketones; methyltris(l,l- 
dimethylpropinoxy)silane, dimethyldi(l,l-dimethylpropinoxy)silane, and other alkynyl- 

25 containing organosilanes; benzotriazole; maleic acid esters, and fiunaric acid esters. 

[0048] It is recommended tiiat the amount, in which they are added, should be such that the 
weight ratio of [cure retarder]/[metal in hydrosilation catalyst] is 10 to 10,000. When a large 
amount of the above-mentioned cure retarder is added, the composition can be a one- 
30 package organopolysiloxane resin composition comprising all the components. In addition, 
so long as the object of the invention is not impaired, it can be combined with adhesion 
promoters represented by silane coupling agents, and with other additives. 

[0049] The optical waveguide of the present invention comprises a hydrosilation-cured 
35 product of (A) an organopolysiloxane resin, which is represented by an average unit formula 
(1): (R^3SiO|/2)a(R^2SiQ2/2)b(R^Si03/2)c(Si04/2)d (1) (wherein R*, R^ and stand for one, 
two, or more kinds of monovalent hydrocarbon groups selected from monovalent aliphatic 
hydrocarbon groups having 1 to 6 carbon atoms and monovalent aromatic hydrocarbon 
groups having 6 to 10 carbon atoms, 0<a<0.5, 0<b<0.2, 0.3^<1, 
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0<d<0.4, 0<(b+d)/(a+c)<0.25, and a+b+c+d=l) and has fliree or more monovalent 
imsaturated aliphatic hydrocarbon groups per molecule, with not less than 10 mol% of the 
monovalent hydrocarbon groups being monovalent aromatic hydrocarbon groups, and (B) an 
organosilicon compoimd having two or more silicon-bonded hydrogen atoms per molecule, 
5 with not less than S mol% of all the silicon-bonded monovalent substituent groups being 
monovalent aromatic hydrocarbon groups. 

[0050] Optical waveguides, generally consist of a core having high refractive index and a 
cladding having a low refractive index. In the organopolysiloxane resin of component (A), 

1 0 both when used for the core and for the cladding, 10 mol% or more of its silicon-bonded 

monovalent hydrocarbon groups have to be monovalent aromatic hydrocarbon groups. In the 
organosilicon compound of component (B), not less than 5 mol% of all its silicon*bonded 
monovalent substituent groups are monovalent aromatic hydrocarbon groups. If this 
requirement regarding their content is not satisfied, it would be detrimental because of the 

1 5 decrease in the transparency of the cured product of organopolysiloxane resin in the 
conmGiunication wavelength region. 

[005 1] The refractive index of the cured product of organopolysiloxane resin can be 
adjusted using the ratio of silicon-bonded monovalent aliphatic hydrocarbon groups 

20 (typically, methyl) to monovalent aromatic hydrocarbon groups (typicaUy, phenyl). An 
increase in the proportion of monovalent aromatic hydrocarbon groups brings about an 
increase in the refractive index, while increasing the proportion of monovalent aliphatic 
hydrocarbon groups causes a decrease in the refractive index. Because it is preferable to 
make the refractive index of the cured product of organopolysiloxane resin used for the core 

25 at least 0. 1% larger than that of the cured product of organopolysiloxane resin used for the 
cladding, it is preferable to make the content of monovalent aromatic hydrocarbon groups in 
the organopolysiloxane resin used for the core higher than that in the organopolysiloxane 
resin used for the cladding. 

30 [0052] Thus, the refractive index of the cured product used for the core can be made higher 
than the refractive index of the cured product used for the cladding via a process, in which 
two kinds of organopolysiloxane resin with different mole ratios of [monovalent aliphatic 
hydrocarbon group]/[monovalent aromatic hydrocarbon groups] are used separately for the 
core and for the cladding, and/or a process, in which two kinds of component (B) with 

35 different mole ratios of [monovalent aliphatic hydrocarbon groups]/[monovalent aromatic 
hydrocarbon groups] are used separately for the core and for the cladding. Here, details 
concerning component (A) and component (B) are as described in the section on the 
components of the curable organopolysiloxane resin composition. 



5| AMENDED SHEET f04-03-2005j 



4JP0405014 



j[JP04Q50i 



DCJ131PCT 



16 



[0053] The optical waveguide comprising the cured product of organopolysiloxane resin of 
the present invention has a nearly 100% optical transparency if reflection in the visible light 
range is eliminated. In addition, so long as polarization is determined using a polarizer, no 
polarization can be observed and birefringence is so small that it can be ignored. Also, 
5 because the cured product preserves its original shape and exhibits no appreciable weight 
changes even when heated to 260^C, it can be said to possess heat resistance that is higher 
than that of thermoplastic resins used as optical materials, such as fluorinated 
polymethybnethacrylate resin. Furthermore, the cured product possesses elasticity and 
hardness to the extent that it does not easily bend and has sufGcient self-maintaining strength. 



[0054] The optical waveguide of the present invention can be used both as a passive optical 
waveguide and an active optical waveguide. Its possible uses are exemplified by non- 
branching waveguides, branching waveguides, optical splitt^, optical couplers, and 
1 5 waveguide-type optical switches, waveguide-type optical modulators, optical attenuators, 
and optical amplifiers. In the optical waveguide of the present invention comprising a cmred 
product of organopolysiloxane resin, the optical waveguide may consist of the cured product 
of organopolysiloxane resin alone, or it may be covered with other material or component, 
held between other components or members, or inserted into other components or devices. 



[0055] The optical waveguide of the present invention comprising a cured product of 
25 organopolysiloxane resin is fabricated by heating and curing the above-mentioned cxjrable 
organopolysiloxane resin composition for optical waveguides. The processes of fabrication 
can be roughly divided into the following two categories, hi other words, there is a process 
for &bricating an optical waveguide, in which the curable organopolysiloxane resin 
composition for optical waveguides is coated onto a substrate and cured by heating, and a 
30 process for fabricating an optical waveguide, in which tfie curable organopolysiloxane resin 
composition for optical waveguides is cast and cured by heating in a mold having a desired 
shape of the inner surface. Injection molding, extmsion molding and other fabrication 
processes can be also used. 



[0056] The substrate used in the first fabrication process preferably has a fiat surface and is 
stable to solvents and temperatures used during curing. It is exemplified by silicon wafers, 
glass, ceramics, and heat-resistant plastics. 



10 
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[0057] An optical waveguide with a high transmittance in the designated wavelength region 
is fabricated by coating the above-mentioned curable organopolysiloxane resin composition 
for optical waveguides onto the substrate and curing it by heating, but, if necessary, a film- 
like optical waveguide is obtained by peeling the cured product from the substrate. In 
5 addition, a slab optical waveguide can be fabricated by (D applying flie above-mentioned 
curable organopolysiloxane resin composition for optical waveguides (1) to a substrate and 
curing it by heatmg, (D applying a curable organopolysiloxane resin composition for optical 
waveguides (2), whose cured product has a refractive index at least 0.1% higher than that of 
the above-mentioned composition (1), to the cured product thereof and curing it by heating, 
10 (D applying the aforementioned composition ( 1) to the cured product thereof and curing it by 
heating, and then ® peeling the ciured product off the substrate. 



[0058] In this case, the cured product of the above-mentioned composition (1) is used for a 
1 5 bottom cladding layer and a top cladding layer, with the cured product of the above- 
mentioned composition (2) serving as a core layer. A fihn-shaped channel optical waveguide 
is obtained by imparting a desired shape to the cured product of the above-mentioned 
composition (2), and then coating the above-mentioned composition (1) onto the cured 
product of the above-mentioned composition (1) and the cured product of the above- 
20 mentioned composition (2) and curing it, followed by peeling from the substrate, if necessary. 

[0059] When imparting the desired shape to the cured product of the above-mentioned 
composition (2), it is best to conduct etching usmg a desired pattern. At such time, a core 
pattern is formed by forming a resist pattern on the cured product of the above-mentioned 

25 composition (2) (core layer) by means of photoUthography, removing the core layer that is 
not protected by ttie resist pattern by etching, and then removing said resist. 
In addition, a film-shaped channel optical waveguide is also obtained by coating the above- 
mentioned curable organopolysiloxane resin composition for optical waveguides (1) onto a 
substrate and curing it by heating, peeling the cured product (bottom cladding layer) from the 

30 substrate, and forming a core pattern and a top cladding layer on top of the above-mentioned 
cured product in accordance with the gist of the above description. 

[0060] The curable organopolysiloxane resin composition for optical waveguides used in 
die above-described processes is preferably liquid at noraial temperature, and, in particular, 
35 has a viscosity of 20 to 1 x 1 0^ mPa-s at 25''C. 

[0061] Preferable compositions contain component (D), in particular, component (dl). 
Although the curing temperature used at such time depends on the components that 
constitute said composition, in particular, on the type and amount of component (C), and. 
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furfliesnnore, on the type and amount of the cure retarder, usually it is in the range of from 80 
to lOCC. The process used for coating the curable organopolysiloxane resin composition for 
optical waveguides used in the above-mentioned fabrication processes is preferably spin 
coating because it allows for quickly forming uniform fihns. During the fabrication of fihn- 
sh^)ed optical waveguides* solvent casting maybe used instead of spin coating. 



[0062] The mold used in the second fabrication process is preferably a mold made up of a 
substrate whose thermal expansion coefficient is smaller than the thermal expansion 
coefficient of the cured product of organopolysiloxane resin. Naturally, the cured product of 
organopolysiloxane resin must be easy to remove from the mold. If it has insufficient mold 
release properties, it is better to cany out molding only after coating the inner surface of the 
mold with a mold release agent. 

[0063] An optical waveguide having a high transmittance in the communication wave 
length region can be fabricated by ® casting a curable organopolysiloxane resin 
composition for awaveguides into a mold having on its inner surface protrusions 
conesponding to the core and curing it by heating, (D the molding is removed from the mold, 
(S) casting a curable organopolysiloxane resin composition for optical waveguides (4), whose 
cured product has a refractive index at least 0.1% higjier than that of the aforementioned 
composition (3), into the hollow portion of the cured product removed from the mold and 
curing it by heating, and then ® coating the aforementioned composition (3) onto the cured 
product of the aforementioned composition (4) and the cured product of the aforementioned 
composition (3) and curing by heating. 



[0064] At such time, Ae cured product that is removed from the mold is fitted into another 
mold, after which the above-mentioned curable organopolysiloxane resin composition for 
optical waveguides (4) is cast into it and cured by heating, and the above-mentioned 
composition (3) is coated and cured by heating on top of the cured product of the above- 
mentioned composition (4) and the cured product of the above-mentioned composition (3). 

[0065] The curable organopolysiloxane resin composition used in the second fabrication 
process preferably contains component (D) and, in particular, component (d2). Its viscosity 
at 25'C is preferably 20 to 1x10* mPa s. 

[0066] The width of the hollow portion, into which the curable organopolysiloxane resin 
composition is cast, is usually not more than several tens of /mi, which is why the viscosity 
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of the curable organopolysiloxane resin composition used for the core has to be sufficiently 
low to permit easy casting. Because the viscosity of said composition decreases as the 
temperature is raised, casting is possible if the above-mentioned viscosity at IS^'C is 1x10^ 
mPa s or less, but casting at the temperature range close to room temperature requires an 
5 even smaller viscosity. 

[0067] While the curing temperature at such time depends on the type and amount of the 
components making up said composition, in particular, component (C), and, fiirfhermore, on 
the type and amount of the cure retarder, in case of a curable organopolysiloxane resin 
1 0 composition consisting of component (A), component (B) and component (C), the 
temperature is preferably in the range of from 80 to ISO^'C, and in case of a curable 
organopolysiloxane resin composition consisting of component (A), component (B), 
component (C), and component (D) (62) hydrosilation reactive organosiloxane-based 
reactive diluent, the temperature is preferably in the range of from 20 to 180°C. 



[0068] Under heating, dimensions of the mold, which is made up of metal or ceramics with 
a small coefficient of themial expansion, practically do no change, and, on the other hand, 
the cured product of organopolysiloxane resin, which has a large coefficient of thermal 
expansion, imdergoes thermal expansion and is subjected to pressm-e as a result. Thus, the 
20 cured product of organopolysiloxane resin comes into close contact with the surface of the 
mold and the pattern from the sur&ce of the mold is accurately transferred to the cured 
product of organopolysiloxane resin. Upon termination of curing, the mold is cooled and the 
cured product of organopolysiloxane resin shrinks. Slow cooling is preferable to niinimize 
the generation of shrinkage stress due to local cooling. 



[0069] The curable organopolysiloxane resin composition for optical waveguides of the 
present invention has low temperature dependence of the refractive index, high heat 
resistance, higih transparency at the telecommunication wavelength region without 
introducing deuterated alkyl groups and fluorinated hydrocarbon groups, possesses elasticity 
30 and hardness that makes it difficult to deform, and permits easy adjustment of the refractive 
index difference between the core material and cladding material during the fabrication of an 
optical waveguide. 

[0070] An optical waveguide comprising the cured product of the organopolysiloxane resin 
35 of the present invention have low temperature dependence of the refractive index, high heat 
resistance, high transparency at the telecommunication wavelength region even without the 
introduction of deuterated alkyl groups and fluorinated hydrocarbon groups, possess 
elasticity and hardness that makes them difficult to deform, and permit easy adjustment of 
the refractive index difference between the core material and 
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cladding material during the fabrication of optical waveguides. In addition, an optical 
waveguide comprising the cured products of the organopolysiloxane resin of the present 
invention rarely exhibit transmission losses in the telecommunication wavelength band and 
are thus suitable for use as materials for optical telecommunications and optical 
5 interconnects in the near infrared region and optical integrated circuits in the near infrared 
region. 

[0071] The process for fabricating an optical waveguide of the present invention makes it 
possible to easily and economically produce an optical waveguide comprising the cured 
10 product of organopolysiloxane resin that has low temperature dependence of the refractive 
index, higjh heat resistance, high transparency at the telecommunication wavelength region 
even without the introduction of deuterated alkyl groups and fluorinated hydrocarbon groups, 
possesses elasticity and hardness that makes it difficult to deform, and eliminates intemiixing 
between the core and cladding during the fabrication of an optical waveguide. 

15 

Examples 

[0072] While examples and comparative examples are provided below in order to 
specifically explain the present invention, the present invention is not limited to these 
20 examples. Gel permeation chromatography (GPC) was used for the determination of the 
molecular weight of reactive diluents, organosilicon compounds, and organopolysiloxane 
resins used, with their number-average molecular weig(ht calculated by comparison with a 
polystyrene standard. Viscosity was determined using a rotary viscometer at 25*C. 

25 [0073] The contmt of silanol groups and methoxy or ethoxy groups was determined by the 
^Si NMR analysis. The refractive index of the cured product was determined at a 
wavelengdi of 1 550 nm using a prism coupler method, and the thickness of the film was 
determmed using Tencor Alpha-Step 200, The elastic modulus of the cured product was 
determined using a dynamic viscoelasticity measuring device on 2-mm fliick plate, at a 

30 frequency of 1 Hz and a strain of 0.5% in the temperature range of 0 to 50**C. In addition, the 
transparency of ttie cmred product was measiu-ed using a spectrophotometer with a 3-mm 
thick plate, at a wavelength of 1550 nm. The optical loss value at 1550 nm of the cured 
product was determined by the cutback method. The polarization dependency of the cured 
product was observed under an optical microscope usmg a polarizer. The heat resistance of 

35 the cured product was evaluated by theimogravimetric analysis. 

[0074] Summary on the organopolysiloxane resin of component (A) and organosilicon 
compound of component (B) used in the examples (in the formulas, Me stands for methyl, 
and Ph stands for phenyl); 
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content: 0.2 mol%, preparation process: 1,1,3,3-tetramethyldisiloxane, 
phenyltrimethoxysilane, and a catalytic amount of trifluorometiianesulfonic acid were 
subjected to agitation under cooling to bring about hydrolytic condensation, and, after 
neutralizing said acid catalyst with a base, the salt was filtered off and water was eluted. 

[0079] Methylphenylhydrogeiq}olysiloxane(B-2): 

Average unit formula: [Me2HSiO,«]o.2[MeHSiO]o.4[MePhSiO]a4. phenyl group content: 18 
mol%, number-average molecular weight: 900, viscosity: 25 mPa s, silanol and methoxy 
groiqj content: 0. 1 mol%, preparation process: 1,1,3,3-tetramethyldisiloxane, 
methyldichlorosilane, and methylphenyldichlorosilane were subjected to agitation under 
cooling to bring about hydrolytic condensation, and, after neutralizing the resultant 
hydrochloiic acid wifli a base, the resultant salt was filtmd off and water was eluted. 

[0080] Methylvinylphenylsiloxane oligomer (d2): 

Average unit fomiula: [Me,(CH2=CH)SiO,«]o.„[PhSi03;,]o^3, phenyl group content: 14 mol%. 
number-average molecular weight: 650, viscosity: 50 mPa s, silanol and methoxy group 
content: 0.2mol%, preparation process: l,3-divinyl-l,l,3,3-tetramethyldisiloxane, 
phenyltrimethoxysilane and a catalytic amount of trifluoromethanesulfonic acid-containing 
water were subjected to agitation at reflux under heating to bring about hydrolytic 
condensation, and, after neutralizing said acid catalyst with a base, water and methanol were 
eluted, a small amount of potassium hydroxide was added to the residue dissolved in toluene, 
dehydration was carried out under heating and agitation, and, after neutralizing the 
potassium hydroxide with acid, the resultant salt was filtered off and toluene was eluted. 

Example 1 

[0081] This example illustrates the formation of a cured product of 
metfaylvinylphen>dpoly5iloxane resin used for optical waveguides. 
Coating solutions comprising curable organopolysUoxane resin compositions for optical 
waveguides were prepared by mixing the above-mentioned methylvinylphenylpolysiloxane 
resins (A-1), (A-2), and (A-3), which were used as component (A), the above-mentioned 
methylphenylhydrogenpolysiloxanes (B-1) and (B-2), which were used as component (B). a 
platinum/1 ,3-divinyltetramethyldisiloxane complex [platinum content: 2 wt%] (C), which 
was used as component (C), methyl(tris(l,l-dimethyl-2-propynyloxy))silane (E), which was 
used as a cure retarder, and toluene, which was used as component (dl), using the 
proportions listed in Table 1 below (unit: g). 

[0082] Using a chamber-open type system, the coating solutions were spin coated onto a 
siUcon substrate at 2000 rpm and left stand for 10 minutes at room temperature. After that, 
hydrosilation-cured products of the methylphenylhydrogenpolysiloxane and the 
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methylvinylphenylpolysiloxane resins with a unifonn thickness of 7 to 8 |im wwe obtained 
by heating at 1 80°C for 90 minutes. 

The Adscosities of the coating solutions, as well as the transparency and refi-active indices of 
the cured products of the coating solutions are listed in Table 1. 

[0083] [Table 1] 





Composition 
1 


Composition 
2 


Composition 
3 


Composition 
4 


Composition 
5 


(A-l) 


20.0 


20.0 








(A-2) 






20.0 




17.0 


(A-3) 








20.0 


3.0 


(B-l) 


6.4 




6.9 


8.1 


7.1 


(B-2) 




6.4 








(C) 


0.004 


0.004 


0.004 


0.004 


0.004 


(E) 


0.008 


0.008 


0.008 


0.008 


0.008 


(d-l) 


11.3 


11.3 


11.5 


12.0 


11.6 


Visoosity-1 


100.000 


94.000 


170.000 


250,000 


195,000 


Viscosity-2 


30 


28 


35 


45 


38 


Refractive 
index * 


1.S30 


1.526 


1.525 


1.500 


1.519 


Transmittance 


96.0 


9S.8 


95.2 


94.0 


94.0 



10 



15 



20 



(Note: "Viscosity- 1" stands for the viscosity of the composition without component (dl) 
(unit: mPa s)). "Viscosity-2" stands for the viscosity of the composition when it contains 
component (dl) (unit: mPa s)). Both "refractive index" and ^transparency " refer to values 
obtained by measurement of the cured products.) 

[0084] All the cured products were colorless and transparent, with an elastic modulus of 0.8 
to 1 .0 GPa, in other words, they possessed elasticity and hardness that prevented them from 
being easily bent and had suJBficient self-maintaining strength, and no changes due to 
dissolution, swelling, etc. were observed even after immersion in toluene overnight. In 
addition, the transmittance of the cured products in the telecommunication wavelength 
region were 94% or higher, with the optical loss value being 0.5 dB/cm, i.e. sufficient for use 
as optical waveguides. 

Example 2 
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a hydrosilation cured product of the methylphenylhydrogenpolysiloxane and the 
methylvinylphenylpolysiloxane resins with a thickness of 50 /an. Furthermore, a top 
cladding layer with a thickness of 50 /an and a refractive index of 1 .519 was formed on the 
film made up of the cured product by coating composition 5 of Table 1 and curing it by 
6 heating in the same manner, thereby producing a slab type optical waveguide with a three- 
layer structure, i.e. cladding layer - core layer - cladding layer, with a total thickness of 150 
/OTi (see FIG. 1). The optical waveguide exhibited no intermixing between the core and 
cladding and no cracking or peeling even after repeated bending, and there was no 
polarization dependence observed. In addition, when the optical waveguide was heated in a 
1 0 stream of air, no weight loss was observed up to 280''C, which confirmed its superior heat 
resistance. 

Example 4 

[0089] This example illustrates the formation of a channel type optical waveguide 
1 5 consistmg of a cured product of methylvinylphenylpolysiloxane resin febricated by casting 
process. 

Composition 4 (which did not contain toluene) of Table 1 was heated to 80°C, cast into a 
first mold 3 (see FIG. 2) having a protrusion 4 (height: 50 frni, width: 50 /im, length: 50 mm) 
on its inner surface, which was heated to 80°C, and cured by heating at 100»C for 1 hour and 

20 tiien at 180°C for anotiier one hour (see FIG. 3). The cured product 7 of composition 4 (did 
not contain toluene) 5 was removed 6om the first mold 3 at this temperature and placed in a 
second mold 6, which was heated to 80»C (see FIG. 4), and composition 3 (which did not 
contain toluene) of Table 1 was casted into the hollow portion 8 on the cured product 7 
(height: 50 /cm, width: 50 /im, length: 5Qmm) and cured by heating first at lOO^C for one 

25 hour and then at 1 SO'C for another one hour (see FIG. 5). 

[0090] The cured product 7 of composition 4 (which did not contain toluene) was removed 
from the second mold 6 and placed in a third mold 10 (see FIG. 6), whereupon composition 
4 (which did not contain toluene) was cast iiito it and cur«d by heating for one hour at 100»C 

30 and then at 1 80»C for another hour (see FIG. 7). The cured product was removed from tiie 
third mold 10. obtaining a cord-shaped channel type optical waveguide (see FIG. 8), which 
had a height of 50 /on, a width of 50 /an, and a lengtii of 50 mm. and in which flie refractive 
index of the core portion was 1 .525 and that of the cladding portion was 1 .500. The optical 
waveguide exhibited no intermixing between the core and cladding and no cracking while no 

35 cracking or peeling even after r^eated bending as well as no polarization dependence were 
observed. In addition, when tiie optical waveguide was heated in a stieam of air, no weight 
loss was observed up to 280-C, which confirmed its superior heat resistance. 

Example 5 
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[0091] This example illustrates the formation of a channel type optical waveguide 
consisting of a ciired product of methylvinylphenylpolysiloxane resin. &bricated by casting 
process. 

A colorless transparent metihylvinylphenylpolysiloxane resin composition 6 was prepared by 
5 uniformly mixing 1 Og of metfaylvinylph^ylpolysiloxane resin (A-2) as component (A) xvilh 
lOg of methylvinylphenylsiloxane oligomer (d2) as component (d2), and then adding 13g of 
methylphenylhydrogenpolysiloxane (B-1) as component (B), 5 mg of a platinum/1,3- 
divinyltetramethyldisiloxane complex [platinum content: 2 wt%] (C) as component (C), and 
10 mg of methyl(tris(l,l-dimethyl-2-propinoxy))silane (E) as a cure retarder and uniformly 
1 0 mixing the ingredients. The viscosity of ttie composition was 200 mPa-s. 

[0092] A colorless transparent methylvinylphenylpolysiloxane resin composition 7 was 
prepared by uniformly mixing lOg of methylvinylphenylpolysiloxane resin (A-3) as 
component (A) with lOg of methylvin^phenylsiloxane oligomer (d2) as component (d2), 
15 and then adding 13.9g of methylphenylhydrogeapolysiloxane (B-1) as component (B), 5 mg 
of a platinum/1, 3-divinyltetramethyldisiloxane complex [platinum content: 2 wt%] (C) as 
component (C), and 10 mg of methyl(tris(l,l-dimethyl-3-propinoxy))silane (E) as a cure 
reorder and uniformly mixing the ingredients. The viscosity of the composition was 240 
mPa-s. 

20 

[0093] With the exception of using composition 7 for the cladding and composition 6 for 
the core and casting and removing them fiom a mold at 25°C, a cord-shaped channel type 
optical waveguide was fabricated in the same manner as m Example 4. The refractive index 
of the cladding portion was 1.482 and that of the core portion was 1.505. The optical 
26 waveguide exhibited no intermixing between the core and cladding and no cracking while no 
cracking or peeling even after repeated bending as well as no polarization dependaice were 
obs^ed. When the optical waveguide was heated in a stream of air, no weight loss was 
observed up to 280"C, which confirmed its siq)erior heat resistance. 

30 Comparative Example 1 

[0094] This example illustrates the formation of a flexible optical waveguide based on an 
application example of Japanese Patent Application Publication No. Sho 63-217306. 
To a mixture of 100 parts by weight of a linear trimethylsiloxy-terminated dimethylsiloxane- 
methylphenylsiloxane copolymer with a viscosity of 5000 mPa s (25 mol% phenyl groups, 

35 refi^tive index: 1 .50) and 5 parts by weight of a trimethylsiloxy-terminated 

dimethylsiloxane-methylhydrogensiloxane copolymer with a viscosity of 5 mPa s was added 
a chloroform solution of chloroplatinic acid to yield a hydrosilation-curable liquid silicone 
composition with a platinum content of 5 ppm by weight. The composition was extruded in 
a hot air form a strand-shape silicone rubber core with a diameter of 1mm. 
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[0095] Subsequently, after coating a hydrosilation-curable liquid silicone rubber 
composition with a viscosity of 3000 mPa s (main ingredients: linear dimethylvinylsiloxy- 
terminated dimefliylpolysiloxane, trimethylsiloxy-terminated dimethylsiloxane- 
methylhydiogensiloxane copolymer, and chloroplatinic acid, refractive index: 1.41) on the 
core, a strand-shaped flexible optical waveguide with a diameter of 1 .4 mm was fabricated 
by curing the composition by heating it for 5 minutes at 150»C. The optical waveguide could 
be easily defonned and had no self-maintaining strength. Jn addition, when it was heated in 
the air, a weight loss due to decomposition was observed starting from 200°C, which 
indicated inferior heat resistance. 

Comparative Example 2 

[0096] This example illustrates the formation of a polysilsesquioxane optical waveguide 
based on Working Example 2 of Japanese Patent Application PiibUcation No. He! 4-1 57402. 
Using polymethylsilsesquioxane (molecular weight Mw=2000, refractive index: 1.423) for 
the cladding and polyphenylsilsesquioxane (molecular weight Mw=15000, refractive index: 
1.555) for the core, a channel type optical waveguide, in which the core made of 
polyphenylsilsesquioxane and had a with of 8 |*m, a height of 8 |xm, and a length of 50 mm 
and both the top cladding layer made of polymethylsilsesquioxane and bottom cladding layer 
made of polymethylsilsesquioxane had a thickness of 20 fim, was fabricated by spin coating, 
photolithogr^hy, dry etching, and then again using spin coating as the final step. The optical 
loss value of the optical waveguide was not more than 0.5 dB/cm. When the optical 
waveguide was subjected to heat treatment at 260'»C for 2 minutes, the refractive index of the 
core decreased by 0.3% and the refractive indices of both cladding layers decreased by 0.8%, 
thus changing the refractive index difference between the two in comparison with the 
difference that existed prior to the heat treatment. This indicated that this optical waveguide 
had inferior heat resistance. 

Industrial .^)plicability 
[0097] The curable organopolysiloxane resin composition for optical waveguides of the 
present invention is useful for fabricating various optical waveguides and is suitable for use 
as materials for optical communications and optical integrated circuits in the near infrared 
region, the optical waveguide of the present invention is useful as passive optical waveguide 
exCTtipIified by non-branching waveguides, branching waveguides, optical splitters, and 
optical couplers, and active optical waveguide exempUfied by waveguide-type optical 
switches, waveguide-type optical modulator, optical attenuators, and optical amplifiers, and 
the process for fabricating an optical waveguide of the present invention is useful for 
fabricating various optical waveguides with lower process cost. 
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